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Abstr a ct:Inthe atm o spheric c orr e ctio nfo r spa cer e m ote sen si ngim ages,the aer o s olopticalthick-
nes s a:t the s atellite obs e rv atio ntim eis c riticalyn e eded. Itishighlyde sirableto estim atethis valu e
舟o m the s atellite m e as u r ed data the m selv es･ h th is study, w epropo s ed a n e walgorithm for e sti+
m atingthe a e rosolopticalthickn e s s丘o m s atelliteim agedataalo n e. In this algorithm , the n ete oro-
1ogicalr ange, V, w a sused a safr e epa r am ete rto c o mputethe s urface al bedodistributio n鉦o m
s atelliteim age data･ T he a e r o s olopticalthicknes s valu e■fo r each bandc a nbe c o mptltedfro mthe
m eteo rologic alra nge･ The an alytic alappro xim ation methodforatm o spheric c orr e ctio n and Modtr a n
c ode w er eals outiliz ed in o ur algo rithm .
Asfor the algorithm･validatio n, s e v eralsim ulta n e o u sgr ounda ndsky品ea s u r e m e nts with
L A m S ATrM andA DE O S/AV NIRw er e c o ndu cted in196 and1997. Wefoundthatthe acu-
ra cyofthepropo s edalgorithmisles sthan0.04 inthe a e r o s oloptical thickn e ss. The s Ⅶ血c eal bedo
distributio nim age c o mputed fr om A D E O S/A VN R data(take n on April 24,1997)w a spr e se nted,
by u singthe e stim ated aero solopticalthickn e ss values.
1.IN T ROD tJCTIO N
Itis well kn o w nthat the re m o valofatm o spheric effe ctsfr o mthe s atelliteim agedatais
n e cess aryinthequ antitative r e m ote se n slnganalysis･ T herehasbee n m any w o rks on the atm o-
spheric c o rre ctio nin aflat terrain c as e ofs atellite m eas ured im agesCTu m er a nd Spen cer(197 2)[1]
, O delland Wein m a n, 1975[2];Otte rma nand Fra ser, 1976[3],1979[4];Ka wata et al., 1978[5L
Ue no et. al. ,1 979[6], Tan re eLal. , 1981[7];Uen o1982[8];Kau h an a nd Fr aser, 1984[9], Ka w ata
et･ al･ 1987[10])･ The c o mpr ehen siv ebo ok on thisproble m w a sptlblished by Ko ndr atyev etal.
【11]. Ithasbe en clear no w thatthe atm o spheric c o rrectio nispo ssible whe nthetruth data with the
a er o s oloptical th icknes s a nd thetargetsu rfac ealbedo, or atle a sto n e of them are a vailable. T her e
are,ho we v e r,few atm o spheric c o rre ctio n works when n otrtlthdata. Inthispa:per an n e walgorithm
for e stim a血g atm o sphe ric opticalthcikness&o mthe s atelliteim agedata s etalone w a spr es e nted･
The val idatio n r e s ults ofthe algorithm were alsopr es e nted.
2. A T MO SP‡IE RIC C OR R丑CTIO N A L G O RI TIIM
Letus co n side rthe r adiativ etr a n sfer m odelinthe atm o spherebo unded bya凸atLa nbertian
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slrfacelayer withaho riz6ntal1yR o n- uhifo rmal bedodisbibutio n･ Let(x, y) andI a r ere cta ngtla r
coordinatesdifining gr o undltargetPO Sitio n and heightpositio nin the atm osphere, r espectiv ely･ We
as s u m ethatatm o sphe ric m odel is aplan epar aleu ho m oge neous, v e rtical lyinl1 0 m Oge n e OtlS, and
a nis otr opicalys c atterlng atm OSPhe r ewi thopticalthicknes s･oft, andpa ralelrays ofa c o n stant
i midents olarflu x 花F illu min ate sthetop of the atm ospher e(z= zb)fro m dire ction of f2o=(0.=cos
-
1
LLb,I.), wher 叫 o andf. arethe c o sine of the s ola r zenithangle and the s olar azim nthangle･ respec-
tiv ely.
The upw ellingdiffuseinte n sityI(zl, 弟 y, -E1)atthetop ofthe atm ospherein thedirection of
-f2c a n
be e xpr e s s ed byEq.(1) 【12], allowingfor a single rene ctio n ofr adiatio nbythetargetsurfa c e(∫,y)
and uptodouble refle ctio n s ofr adiationbythe adja ce nts urface,
I(z.,x,y, - E})≡ FL4F R(1.El, no)＋ 4,(x,y)×(s, A
-
＋ t)
＋(p - s)A
-
2
＋(q - i)A
(1),
whe r eA
t(x, y), A
-
,
a nd R(i,Ei,E2o)a r ethe al bedo ofthetarget, the m ean albedo ofthe adjac e nt
s u rfa ce
,
andrefle ctio nfunctiopof the atm o sphe r e, r e spectiv ely･ Reflection fun ctio nR(t･ W ･ WJ
canbe c o 皿P11ted bytheDo ublinga ndAddingm ethod[13]. Furthe m o r e,p, q, s, andiin Eq･(1)are
the r adiatio n c offic e nts whichc anbe e xpr e s sed bythe r efle ctio n a ndtr an smi tio nfun ctio n s of the
atm ogphe re[12]. T he m e an e m erge ntinte n sity at thetop ofthe a:tm o sphe r e c anbegiv en appr o xi-
m atelybyBq.(2)･
J(ll , X ,y, - a) ≡ IL.F R(T,f2. n｡)＋ p ･ A
-
I
＋ q
･ 方 (2)･
T he m e a nal bedo andthetargetal bedo aregiv e nbyEq.(3)and Eq.(4), r espectively.
A
(- q ･ q1 - 4p
A
.
(x,y) I
2p
』二立二 叫
s ･ A ＋t
(3),
(4).
T he atm o spheric correction algorithmisgl Ven aSfo llo w sa ndthealgorithm w astested agaln St
L ands au M S, 汀M , and M O Sl l/ M E SS E R data[I1】,【12】:
(1)A dopt an appropriate atm osphe ric m odel and its optic alpar amete rs.
(2)Co mpute the r efkctio n a ndtr an smis sionfu nctions, andthe radia n c e c o efncie nts,p, q, s, andi
for agiv enin cide nts olarillu min atio n c o nditio nand agiven w av elengthband.
(3)Co mputethe m ean adjac e ntalbedo A
-
fr o mEq･(3)byu sing了血 ･
(4)Co mputeA.(x,y)fo r e ach o rrespo ndingim agepixel fr o mEq･(4)using the obs erv edsatellite-
1e v elinte nsityIobB･
(5)Repe at the above steps(2)to(4) and co mputeA.(x, y)fo rallim agepix elsin e a ch w a v el ngth
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ba nd.
3. M ET E O R OL GICA LR A NGE ESTI M ATIO N
In o u rpropo seddgorithm , allatm o spheric optic alpar a mete rs, e xc eptfor a er o s ol am ou ntsin
thebo undarylayer(altitude s:0 - 2 km), ar e ass u medtobekept c o n stant andtheyar egive nby
M OD T R A Nc ode[14]･ Sinc ethe ae ro s olopticalthickn esin thebo n nda rylaye r_c a nbefo u nd by
inputtingthe m ete orologlCalr ange V at0.55叶min M O D T R A Nc ode, w eshalu s eVas afr ee
varying atm o sphericpa r am ete r, defimingthe atm o sphericha2･e c o ndition at the s atellite obs er v atio n
tim e.
T he e stim atio nalgo rithm ofV 良o mthe s atellitedata with n w avwle ngth ba ndsis asfollo w s:
(1)First, s ele ct■appr opriate atm o spheric and ae r o s ol m odelsfor a s atellite m e asu red s c e n e, ba s ed
o n也 e m e a s u r ed date a ndgeographiclo c ation .
(2)Setband n umbe r,i = 1.
(3) Whe ni> n,then m oveto step(6)A Othe rwis e, go to step(4).
(4)Set aninitial Mete orological Rangeforband i, V.(i)= α andk = 1, where(尤is a s ami 1valu ein
nnit of[km】.
a･ Co mputethe atm o spheric opticalpa r am eters, u sing Modtr anCodeinthe c ase of Vo(i)･
b･ Co mpute the s u rfa c ealbedo valu efor e a chpix el fro mthe血e a sureds atellitedata,by
applyingou ratm o spheric c orr e ctio nalgo rithm , usingthe atm o sphedc opticalpar am
ete rsfo undin(4)+a.
c･ W he nR > 0･01and k= 1
,
the n s etV
o(i)≡ V.(i)＋ A Vo a ndgoba ckto畠tep(4)-a . Her e, R
isdefin edas a r atio ofthe n umbe rofpix els withn egativ eal bedo valu eto thetotal
n u mber ofpix els withintheim age･ W e sup po s ethatthein c r e m e ntA Votakes atypical
■
valu e ofafe wkm . W heムR < 0.01 and k- 1, the n m o v eto step(4)-d. Whe n R < 0.0 1
a nd k= 2
,
the ngoto step(5).
d･ Be c ause w e c anjudgethat an a:ppr opriate valu e of Vo(i)e xistsbetw e e nthepr es e ntand
pr evio u s o n e s, set Vo(i)≡ V.(i)＋ A VB and k= 2, whereAV&,= 0･1[km]and m oveto step
(4)- a.
(5)Seti = i＋1 a ndgoba ckto step(3).
(6) C ho o s eV = M a x†Vo(1), V.(2)” ･ ･, Vo(n))as the appr opdate Meteo r ologicalr ange a nd e xit.
4. VA LII)A T ION OF A LGO R IT HMS
We m adethefieldexpe rim entsfo rthe valida:tion ofo u rMete or olgical Range r etrievalalgo-
rithm atHeijo- Gu(the Old P ala ceSite)in Na nCity,Japa n o nDe c.12, 1996a nd atMete o r ol gical
Res e arch In stitute(M RI)in Ts ukubaCity,Jap an onJan ･ 8, 1997･ Simdtan e o u sgr o u nd n ea s u r e-
m e nts ofthe atm o spheric optical thickness a nd s u rfa ce refle ctan c e atL A N DS Årov e rpasslngti m e
W ere m ade o nthe s edates･ The s unphoto mete r(P O M-01:Prede)a nd spectr oradio m ete r(P S-
10 0: Oc e a nOptics)w e re used forthe sky ands urfac eal bedo obs ervation s, re spe ctiv ely. T he
values of Mete o r ol gical Ra ngeforthe test-site, obtain ed fro mthe sunphoto meterobs e rv atio n s
w ereV = 18･0【km] and V= 50･0[km] atHeijo- Gu and thatatMRI,respectiv ely. W e sho wed the
estim atedvalu es of Mete o rological Range &o mT M databyapplying o u r retrie val algorithm in the
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ba nd.
3. M E T EOROL OGIC A L R A NG E ESTI M ATION
h o u rpr opo s ed algorithm , allatm ospheric optic alpar am eters, exc eptfo ra e r o s ol am ountsin
thebo undarylaye r(altitudes:0 - 2 km), are a ss u medtobekeptc o n stant a nd they aregive nby
M O D T R A Nc ode[14]. Sin c ethe a e r o s olopticalthickn e ssin thebo unda ryhyer c anbefo undby
inputtingthe m et o r ol gicalra nge V atO･55pm in M O D T R A Nc ode, w eshallus eV as afree
v a rying atm o sphericpar am占ter, de丘ningthe atm osphericha ze c o ndit o n atthe s atenite obs e r v atio n
tim e.
T he e stin atio nalgorithm of V 丘om the s atellitedata withn w a v wle ngth bandsis asfollo w s:
(1)First, sele ct appropriate atm o spheric and ae rosol m odelsfor asatellite m e a stLr eds c e n e,based
o nthe m e a s u reddate andgeographicloc atio n･
(2)Setbandn umber,i =l.
(3) Wheni> n, the n m o veto step(6). Otherwis e, goto step(4)･
(4)Seta nimit al Meteorological Ra ngefo rba nd i, V.(i)= c n nd kI 1, wher e αis a s amal1valtlein
tmitof[km】.
a･ Co mpute the atm o spheric opticalparam eters, using Modtra nCodeinthe c a s e of V.(i)･
b. Co mptltethe stlrfa ce al bedo valu efor e a chpix el 丘
.
o mthe m e as u r eds atellitedata, by
applyingollr atm o spheric corr ection algorithm , usingthe atm ospheric opticalpar am
ete rsfound in(4)- a.
c･ Whe nR > 0･01a ndk = 1, then setVo(i)= Yo(i)＋AVo andgoba ckto step(4)- a･ Her e, R
isdefin eda s a r atio ofthe n umber ofpix els withn egativ eal bedo v altletO thetotal
n umber ofpixels within theim age･ We s?pro s ethat thein cr e m e ntAV.take s atypical
valu e ofafew km ･ W he nR <0.Oland k= i
,
the n m o veto step(4)-a. W he n R<0.01
and k= 2,the ngoto step(5).
d･ Be c a u s e w e c anjudgethat an appropdate v alue of Vo(i)e xistsbetw e e nthepr e s e nt and
previo u s o n e s, s et Vo(i)≡ Vo(i)＋A V8 andk = 2, whe reAVs,≡ 0･1[km]and m o veto step
(4)- a .
(5)Seti = i＋1 a ndgoba ckto step(3).
(6) C ho o s eV = M ax･(Vo(1), Vo(2),･ ･ ･ ･, Vo(A))asthe appr opriate M eteo r ologicalr ange a nd e xit･
4. VA LID ATIO N OF A LG ORIT H MS
We m ade thefieldexperim entsfo rthe validatio n ofo urM ete o r ol gical Range retrieval algo-
rithm atHeijoI Gu(theOld P ala c eSite)in Nar aCity,Japan on Dec.12, 1996a nd atMeteo rological
Rese a rchhstitute(M RI)in Tsuktlba City,Japan o nJa m. 8, 1997. Sim ulta n e o u sgr ound m ea su re-
n e nts of the atm o spheric optical th ickn e ssand s urfa ce r ene ctan c eatL A N DSATo verpassingtlm e
w er e made o nthese date s･ The s unphoto m eter(P O M-Ol:Pr ede)and spectro r adio m eter(P S-
10 00: Oc e a nOptics)wereus ed fo rthe sky and s urfa c ealbedo obs er v atio n s, r e spe ctiv ely. T he
values of MeteorologicalRangefo rthetest-site, obtain ed fr om the s unphoto m eter obs e rv atio ns
w ereV -- 1 8･0[km]and V= 5010[km] atHeijoI Gu andthat atM R I,r e spectiv ely. We sho w edthe
e stim atedvalu es of Mete orological Rangefrom T Mdataby applyingo urretrie val algori thm in the
pr evio u s s ectionin Table1.
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Table1･ V du es of Meteo rologlC al Rangefor each band, by r etrie val algorithn
Estim ated m ete o rologicalr ange V[km]
B and l Band 2 B and3 B and 4
De c,12,1996 17.4 18.4 8.0 8.3
Jam ,8,1997 29.8 40.0 13.6 19.4
From Table1, the appropriate Mete o r ol gical Range satHeijo- Gu(12/08/96)and M RI(01/08/97)
areV = 1814[km]a nd V= 4 0･0[kmLr espectiv ely･ Wefo undthatthe agr e em entbetwee nthe
estim ateda nd m e a s u red valu esISquite e x celle nt･ T hediffer en c esin optical th ickne s sbetw eenthe
meastlre mentand e stim atio narele s stha nO･01and les sthan 0.04 forHeijo- Gu a nd M RIc ases,
respectiv ely･T heta rgetsitein o riginal T M band 4 im age a nd inthe al bedoim age(afte rthe atm oI
spheric c o rre ctio n, a ss umingV = 18･4[km])atatEeijo- Gtl a ndM RIa r e show ninFig. 1 a nd 2,
r espe ctively･ T he signific anc e ofthe atm o spheric c orr e ctio nis ve ryclearbyc o皿parlngtw oim -
ages(a)andO) .
(a)T M Band 4 im age a) Ba nd4 al bedoim age
Fig･ 1･ T he L ands atT M im age a ndthe estim ated albedoim age n e arfleijyo ugu .
(a)T M Band 4 irn age (b)Band4 al bedoim age
Fig･ 2･ TheLands atT M im age a nd the e stim ated albedoim age n earM RI.
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Fig. 2. The La ndsatT M im age a ndthe estim ated albedoim age n e arMRI･
W efotl nd thatthe albedodiffe re n c e sinba nd 2,3, a nd 4 betw een the m e a s ur e ment and e stim a丘on
ar e with in ± 0.04 in 血e c a se of Ⅰieijyo-gil. W ehadsi mi la r r esultsinthe c a s e of M R I, exceptfor
band 6,in whichthediffer e nc eisles stha n± 0.06. W e als o m ade sim ultan e ous sky obs ervatio n
m e as urem ents withA D E O S/A V N mo nApril,24, 1997. T he validatio n r e sults will bepr es e nted at
the C E Re shtl. m e eting on Atm o spheric Co rre ctio n.
5. C O N CLtISIO N S
We ca meto c o n clu sio n sbythis studya sfollo w s:
(1)Wepre s e nted analgorithn forestim atingM eteorological Range(V)in thebo血darylaye rfro m
the m e asu r eds atellitedataalon e.
(2)T he e stim atio nofthe target
-
s spectral al bedo 丘o mtheT M data set w asdoneby applying our
atm o spheric c o mctio nalgori thm by u singthe estim ated Mete orological Ra nge･ W efou ndthatthe
differ e n cein al bedobetw een the meas u re m e nt ande stim atio nis within j=0.06 irlal 1 bands.
(3)We als ofo u nd that the estim ated valu eof V depe nds o nthe siz e Of a s atelliteim age. W e stil
have apr oble mho wtotreatwiththe variabilityof the atm ospheric c ondition within afu llsc e n e. It
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Lisc e rtain that m ore.sim ulta neo u sgr ou nd m e a s urem ents withs atellite s sho uld bedo n eto establish
analgorithm forr etrie ving ae ros olopticalthickne ss丘
･
o m s atellitedata alo n e.
TIlis studyⅥ′a s s uppo rted by也e Re s e a rcllContractNo. N A S D A- PS P C-1828 2, Na也o n al
Aero n autics andSpac eDe v elope m e ntAgencyofJapan.
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